Abstract The Guadiana River basin's freshwater fish species richness, endemicity and threatened status (92% of native species are threatened) highlight the need for a large-scale study to identify priority areas for their conservation. One of the most common problems in conservation planning is the assessment of a site's relative value for the conservation of regional biodiversity. Here we used a twotiered approach, which integrates an assessment of biodiversity loss and the evaluation of conservation value through site-specific measures. These measures based on the reference condition approach introduce the ability to make objective comparisons throughout the Guadiana River basin, thus avoiding a priori target areas. We identified a set of biodiversity priority areas of special conservation significancewhich contain rare taxa as well as intact fish communities-because of their outstanding contribution to the basin's biodiversity. The inclusion of complete sub-basins in these priority areas might guarantee an optimal solution in terms of spatial aggregation and connectivity. However, the high spatial fragmentation to which the Guadiana River basin is submitted due to river regulation highlights the necessity of a systematic approach to evaluate the capability of the identified priority areas to maintain the Guadiana's freshwater fish biodiversity.
Introduction
Freshwater ecosystems are among the richest and more diverse ecosystems on earth (Revenga & Mock, 2000) , and freshwater fish account for a large part of this biodiversity (Saunders et al., 2002) . However, the importance of these ecosystems to human culture, welfare and development has led to increasingly severe and complex impacts to freshwater biodiversity and ecology (Malmqvist & Rundle, 2002) . Five main sources of perturbation are responsible for this: (1) introduction and translocation of exotic species, (2) river regulation and water diversion, (3) deterioration of water quality (pollution or eutrophication), (4) degradation and fragmentation of habitats and (5) overexploitation (Allan & Flecker, 1993; CollaresPereira & Cowx, 2004; Prenda et al., 2006) . As a consequence, many freshwater fish species have become extinct or are currently highly endangered.
Particularly rivers in arid and semi-arid regions are subjected to an accelerated rate of change-with synergistic effects between the sources of disturbance cited above and the effects of climate change. This situation is especially significant in the Mediterranean area due to the high level of endemism of freshwater biodiversity. In this area, 56% of endemic freshwater fish species are threatened, 18% critically endangered, 18% endangered and 20% vulnerable. Only 52 species (21%) were considered as at least concern in a recent IUCN report about the conservation status of Mediterranean freshwater fish species (Smith & Darwall, 2006) .
Despite the urgent need for efficient conservation planning in the face of continuing land use changes (Malmqvist & Rundle, 2002) , little effort has been devoted to the study and conservation of freshwater ecosystems (Abell, 2002) . Formal protection in reserves tends to be ad hoc, favoring the conservation of biodiversity in areas that are less valuable for commercial uses and hence with the least need for short-term protection (Pressey, 1994; Knight, 1999; Margules et al., 2002) . Moreover, most present reserves were designed for preserving terrestrial biodiversity, based on insufficient criteria for adequate management of freshwater biodiversity (Filipe et al., 2004) .
Conservation planning deals with the design of reserve systems to ensure the adequate representation of the target biodiversity and its long-term persistence (Margules & Pressey, 2000) . The identification of priority areas, where the conservation efforts should be focused, has traditionally been based on methods that used rarity or species richness (Eken et al., 2004; Darwall & Vié, 2005; Knight et al., 2007) . To address this issue, Linke & Norris (2003) developed an efficient methodology, based on the reference condition approach, which ensures the comparability of the results for macroinvertebrate communities in Australia through site-specific scores, integrating an assessment of biodiversity loss and the evaluation of conservation value through site-specific measures.
In this paper, we identify priority areas for the conservation of the Guadiana River basin's freshwater fish biodiversity to guide future conservation planning efforts in the area. We apply the methodology developed by Linke & Norris (2003) to the freshwater fish community of the Guadiana River-a highly endangered basin identified by the IUCN as regionally important for endemism and a center of threatened species (Smith & Darwall, 2006) . In this study, we integrate the assessment of fish community health and the evaluation of their conservation value to identify the most suitable areas in the basin to center conservation efforts. We discriminate between potential causes (natural and human) responsible for areas that have apparently suffered a significant loss of biodiversity. The effect of river regulation, which is one of the most important threats to the conservation of the Mediterranean freshwater biodiversity, is also discussed.
Methods

Study area
The Guadiana River basin is located in the southwest of the Iberian Peninsula between Spain (88.8%) and Portugal (17.2%). The total drainage area is 67,039 km 2 , flowing to the Atlantic Ocean. This study was mainly focused on the Spanish portion of the basin, characterized by a typical Mediterranean climate, with high intra-and interannual discharge variation, with severe droughts and floods (Gasith & Resh, 1999) .
Although the Guadiana basin is not an overpopulated area (28 hab/km 2 ), the landscape was deeply transformed during the last century by agricultural activities. Almost half of the basin (49.1%) is currently used for agriculture-30.6% occupied with intensive agriculture as irrigated lands and 18.5% occupied with extensive agriculture, like olive groves or fruit trees. As a consequence, about 8.3 9 10 9 m 3 of water is retained in 86 big reservoirs ([10 6 m 3 ) and more than 200 small ones (\10 6 m 3 ) for water supply. Other common human perturbations are river channelization, the degradation of habitat and even the complete depletion of the riparian forest. About 3,150 km 2 (5.2% of the basin) is formally reserved and subjected to conservation management regimes, though most of them arose from ad hoc or terrestrial planning.
The Guadiana's freshwater fish fauna (14 native species found in this study, Table 1 ) is especially relevant within the circum-Mediterranean context. Its species richness is only comparable to that found in the Po River basin (17 native species) in northern Italy and the lower Orontes (13 native species) in Southern Turkey according to Smith & Darwall (2006) . More than 90% of native species in the basin are considered to be seriously threatened and included in one of the IUCN threat categories. Both factors, high species richness and threatened status (Table 1) , demand special attention to the conservation of the endemic freshwater fish fauna in this area.
Fish and habitat data
Sampling was carried out at 241 sites within six different river types, which were previously defined by the Spanish Ministry of Environment (Ministerio de Medio Ambiente, 2005) for the implementation of the European Framework Directive. In each river type, reaches with similar environmental characteristics (e.g., climate, geology or geography) are grouped. Sampling sites were homogeneously distributed among all these types-% of sites and % of km per type of water bodies were highly correlated (Pearson correlation, r = 0.96, P = 0.002)-, ensuring a comprehensive characterization of the basin (fish and habitat).
Fish communities were characterized in spring 2002 (29 sites) and 2005-2006 (212 sites) using single-pass backpack electrofishing. Every site was sampled once, covering all available habitats in a 100-m river stretch (83.1 ± 29.1 m, mean ± SD), without block nets. This sampling effort is sufficient to capture most species, except for assemblages in large rivers, as Filipe et al. (2004) suggested in a study in the same basin. This was not an issue in this study since almost all sites were wadeable. All fish were released after we identified the individuals to species level. Young of the year individuals were not considered as correct identification was unreliable.
Habitat was characterized by 33 environmental variables, covering three different spatial scales: site, reach and basin. These measures could be split in two categories: (1) predictors that described the natural habitat variability in the basin and (2) descriptors of human perturbation (Table 2) . Two approaches were used in this characterization: in situ or laboratory measures, which described micro-and mesohabitat characteristics in each locality, and GIS measures used to record variables from digital maps ( Table 2 ).
Analysis overview
Analogous to Linke and Norris (2003) , priority sites were identified through site-specific comparisons between the observed and the expected freshwater fish communities. The expected community was determined by a predictive model that was built and validated in two independent sets of reference sites. First,in the condition stage, we determined whether a significant loss of biodiversity had occurred at every site (Fig. 1) . Then the conservation value of sites with no significant loss of biodiversity was assessed in the conservation stage (Fig. 1) . Furthermore, we explored the spatial concordance between our results and the Natura 2000 network (the European network of protected areas), and the effect of river regulation on the conservation status of freshwater fish communities. The reference data set, used for building and validating our predictive model, was separated from the initial database by identifying localities only slightly or not affected by human perturbations. To select these reference sites, we constructed a pressure (or disturbance) index similar to Pont et al. (2004) . Six environmental variables related to human perturbations were coded from 1 (no pressure) to 5 and summed (Table 3) . A site was considered in reference condition when none of the six impact variables was rated over 2 (or sites where the pressure index did not score over 12) and exotic fish species did not account for more than 5% of total fish abundance (see Kennard et al., 2006) . Since the original number of reference sites was not sufficient for both building and validating the model, some reference sites were also chosen from adjacent basins in the same biogeographical region (Tinto, Odiel and Guadalquivir basins, according to Doadrio, 1988) . We finally identified 90 reference sites. A random subset of 70 of these reference sites was used to build an Assessment by Nearest Neighbor Analysis (ANNA) model (Linke et al., 2005) , predicting the occurrence of ten native fish species (with prevalence [5%). Two of these species are endemic to the Guadiana River and another seven to the Iberian Peninsula. The ANNA method was initially developed for predicting the occurrence of macroinvertebrates in Australia (Linke et al., 2005) and has also been used to infer local habitat variables from catchment scale characteristics in Australia (Mugodo et al., 2006) . ANNA uses the observed taxa composition of the most environmentally similar reference sites to predict a probability of occurrence of each modeled taxon at a new site. In this way, the classification step used in other predictive methods, such as RIVPACS (Wright, 1995) , is avoided, and rivers are treated as a continuum (see Vannote et al., 1980) . For instance, if a taxon is present in six of ten of the most environmentally similar reference sites, the taxon gets an expected probability of occurrence of 60%. Only variables not affected by human perturbations (Table 2) were used as predictors in the model. In this way we eliminated the effect of human alterations from our predictions to estimate pre-disturbance species distributions. Since the distribution of some of the modeled species was restricted to the Guadiana basin, the variable Basin was also considered as a predictor in the models. To validate the model, the expected species richness (sum of expected probabilities of each taxon) was compared to the observed species richness (O/E) in the validation data set (20 reference sites). If the model was valid, we would expect a 1:1 relation between the observed and expected taxa richness (Oberdorff et al., 2001; Linke et al., 2005) . Thus, a regression slope not (Swets, 1988; Manel et al., 2001 ).
Assessment of condition and conservation value
In this study, we consider only sites with pristine or slightly perturbed fish communities to be of special conservation significance. To identify these sites, a two-tiered approach was followed. First, the general condition of native fish communities was assessed through an index of biodiversity loss (OE50), in the condition stage (Fig. 1) . The OE50 index (Simpson & Norris, 2000; Linke & Norris, 2003 ) is a sitespecific coefficient calculated as the ratio between the observed and the expected species richness, considering only common species ([50% probability of occurrence). This way, we focus the assessment on species with a high probability of occurrence, or in other words, those species that should be there with a high certainty. To ensure a low type I error (inferring ''biodiversity loss'' when it does not exist, in Fig. 1 ), the 10th percentile of OE50 values in the reference sites subset was used as the cutoff to assume a significant loss of biodiversity (Simpson & Norris, 2000; Linke & Norris, 2003) . In this way, a mere 10% of the reference sites would be erroneously labeled as suffering a ''significant biodiversity loss.'' Only those sites with no significant loss of biodiversity were considered in the next step (Conservation stage, Fig. 1 ). With this pre-selection we ensured that sites that cannot be reasonably targeted for conservation purposes-where the recovery of a healthy native fish community would be difficult to attainwere removed from the set of potential priority sites. Second, an index of conservation value (CV) [called O/E (BIODIV), by Linke & Norris, 2003 ] was calculated. Here only locally rare species as defined by the ANNA model (\50% probability of occurrence) were considered. If the observed number of rare species was greater than expected (CV [ 1), the site could be labeled as a ''potential biodiversity priority area'' (Linke & Norris, 2003) . A site with no significant loss of biodiversity, but with low conservation value (CV \ 1) would be labeled a ''healthy site, but not potential biodiversity priority area'' (Fig. 1) .
However, particular natural habitat patterns, such as ephemeral hydrologic regimes, can strongly limit the colonization or persistence of fish populations in freshwater ecosystems (Matthews & Styron, 1982; Ross et al., 1985; Schlosser, 1995) . Thus, either human impairment or natural causes may be responsible for a 0 value in the OE50 index, and not all sites with a significant loss of biodiversity should be labeled as ''in need of restoration'' (Fig. 1) . Hence, we discriminated between sites with ''pressure 0s'' (where the absence of common species could be related to human impairment) and ''potential healthy sites with no fish or natural 0s'' (where the absence of common species could not be related to major human perturbations) (Fig. 1) .
With this aim, we carried out a principal component analysis (PCA) on a matrix of all the environmental variables x sites for which the OE50 scored 0. PCA is commonly used to summarize large number of interrelated variables. This is achieved by transforming the original set of variables into a new set of synthetic variables-principal components (PCs)-which are uncorrelated (Jollife, 1986) . To establish an objective cutoff between natural and pressure 0s, we divided the whole range of the first principal component (which accounts for the larger amount of variance in the original data set) into six equivalent portions and calculated the mean value of the pressure index in each of them. Sites within the portions in which the mean pressure index scored below 12 were labeled as natural 0s.
We finally evaluated the effect of the time since river regulation on the indices of biodiversity loss and conservation value. This is one of the most important threats to the conservation of Mediterranean freshwater biodiversity (Prenda et al., 2006) , with increasing relevance in the face of climate change and the rising demand for freshwater supplies. We performed an ANOVA by grouping sites by the decade in which a reservoir was constructed within the sub-basin where they are located to test for significant differences in both indices. Only subbasins with a large reservoir ([10 8 m 3 ) were considered for this analysis.
Results
The ANNA model was considered valid, since the regression slope in the validation subset was not significantly different from 1 (b = 1.063, t-test, P = 0.58) and the intercept was not significantly different from 0 (intercept = 0.058, P = 0.95). This model included the six environmentally most similar reference sites for the predictions. Its SD O/E (0.39) was close to the optimal model (SD R = 0.38) and a substantial improvement over the null model (SD null = 0.45). It could also be classified as fairgood by its AUC (0.79). The OE50 index ranged between 0 and 1.57 (mean ± SD, 0.49 ± 0.49). The cutoff point to infer a significant loss of biodiversity was set at 0.56, and a total of 145 sites fell below it ( Fig. 2A) . About 94 of those 145 sites had no common species and consequently scored 0 in this index ( Fig. 2A) .
The first component (PC1) of the environmental PCA carried out on the set of sites that scored 0 for the OE50 index showed a clear upstream-downstream/pressure gradient ( Fig 3A, Table 4 ).This varied from upland reaches with no major signs of human pressure to lowland reaches where the pressure variables showed their highest values within this subgroup of sites. This gradient was highly correlated to the pressure index (Pearson Correlation, r = -0.78, P \ 0.001). Thus, there was a group of sites that scored 0 for the OE50 index, although there were no major signs of human disturbances. We declared all sites closest to the ''upstream-low pressure'' extreme of this gradient, where the pressure index scored below 12, as sites where the absence of any common species could be related to natural causes instead of human-induced changes (Fig. 3B) . All the sites included in this group were located in small ephemeral headwater streams, which retain water only for a few months a year. This set of sites could be labeled as ''potential healthy site with no fish'' (Fig. 1) . The remaining sites (pressure 0s)-in addition to the set of sites that showed a significant loss of biodiversity-indicated areas ''in need of restoration'' (Fig. 1) .
We found a positive correlation between mean OE50 scores and the extent of the Natura 2000 network in each sub-basin. When we considered all the sites sampled within the same sub-basin, the mean score of this index was positively correlated to the % of basin area and the % of river length (river km sub-basin/river km in the network) included in the Natura 2000 network (Pearson correlation, r = 0.47, P = 0.02, and r = 0.39, P = 0.06, n = 25, respectively).
Conservation value (CV) was assessed for all sites with no significant loss of biodiversity (n = 96). It ranged between 0, where no rare native species were found, and 9.2 (mean ± SD, 1.03 ± 1.10). A value over 1 indicated that at least the same number of rare species as predicted was found. These sites (21.5% of 241 sites) had the healthiest fish communities, since they did not suffer significant loss of common species, and the number of rare species observed was similar to or higher than predictions and were labeled as ''potential biodiversity priority areas.'' Most of the sites with the highest CV scores were concentrated in a reduced group of sub-basins (Ardila, Chanza, Alcarrache, Matachel, Gévora and Ruecas Rivers) (Fig. 2B) . Furthermore, no significant relationships between the CV scores and the % of sub-basin area and river km included in the Natura 2000 network were found (Pearson correlation, r = 0.07, P = 0.79 and r = 0.38, P = 0.1 respectively, n = 25).
The time each sub-basin has been regulated showed significant effects on OE50 and CV indices (ANOVA, F = 4.32, P = 0,003 for OE50, and F = 4.28, P = 0.003 for CV) (Fig. 4) .
Discussion
Species-based criteria are employed in the majority of methods used to identify important sites for the conservation of biodiversity, since sites prioritization schemes commonly use species endemism, richness or threatened status as site selection criteria (Darwall & Vié, 2005) . One of the most common approaches to this issue is the evaluation of the relative value of a site to the conservation of the regional biodiversity (Margules et al., 2002; Root et al. 2003; Filipe et al., 2004) . Here we used a two-tiered method, which integrates an assessment of biodiversity loss and the evaluation of the conservation value. These site-specific measures (A) (B) Fig. 2 A Map of the index of biodiversity loss for sampled sites (n = 241). White dots denotes not significant biodiversity loss and hence sites that were considered in the second step. White triangles represent sites with significant loss of biodiversity, though any common native fish species was found. Grey and black dots refer natural and pressure 0s respectively. B Scores of the Conservation value index of sites with no significant Biodiversity loss. The most relevant subbasins are also highlighted. Only those rivers included in any of the studied subbasins are shown Hydrobiologia (2009) 623:127-140 135 are based on the reference condition approach (Reynoldson et al., 1997) , introducing the ability to make objective comparisons in biodiversity assessments throughout the study area (Linke & Norris, 2003) . Additionally, no a priori target areas were selected in this study, giving the same opportunity to every river in the basin. This satisfies the recommendations made by Margules & Pressey (2000) , avoiding ad hoc strategies.
We developed an ANNA model to predict the occurrence of freshwater fish species in a Mediterranean basin. The nature of this approach, which allows building multi-species models (similar to RIVPACS), enabled us to predict the occurrence of rare species, which should be discarded in other traditional predictive methods, such as logistic regression. Logistic regression needs the number of presences-absences to be balanced, and the number of predictors that can be used is highly limited by the number of available cases (Hosmer & Lemeshow, 1989) . That makes the development of predictive models for species with low prevalence impossible. The performance of our model was as good as other published models (Linke et al., 2005; Van Sickle et al., 2005; Elith et al., 2006) , and the risk of committing type I or II errors in our predictions was acceptably low, as determined by all the validation tests. However, the high CV scores that we found in some sites pointed out local inaccuracies in the prediction of some taxa (the occurrence of some species was not correctly predicted). This is the first time that the ANNA method has been successfully applied to freshwater fish communities. This highlights the great potential for wider applications of this predictive approach.
We found a high correspondence between the conservation status of freshwater fish communities and the extent of the Natura 2000 network in each sub-basin. The areas with the best preserved fish fauna tended to be concentrated in zones with little potential for commercial exploitation or human habitation, where reserves are usually concentrated (Pressey, 1994; Margules et al., 2002) . Thus, the actual Natura 2000 network design seems to cover the areas with less altered fish communities, but may not ensure the preservation of all the basin's fish biodiversity, since no significant relationship between the conservation value and the Natura 2000 network was found. Thus, some priority areas for conservation planning may lie out of the present reserve system. Fish are a reliable biodiversity indicator due to their capacity to integrate ecological processes at high spatial and temporal scales related to their relatively large home range (e.g., Koster & Crook, 2008) . However, summer shortage of surface water in headwater streams has been reported as an important limitation for the occurrence of freshwater fish in Mediterranean environments (Magalhães et al., 2002) . Then, given the limitation of freshwater fish to occupy the whole basin (a large number of undisturbed sites with no native fish were found), additional taxonomic groups should be considered in further studies to address a holistic conservation planning in the basin.
In this study, a reduced set of sub-basins, such as the Ardila, Chanza and Alcarrache Rivers, stood out as the most suitable biodiversity priority areas. Although some areas with high conservation value were also found in other sub-basins (Gevora, Ruecas or Matachel Rivers), they were mainly confined to upper reaches, ) were used (n = 103 sites). For Alqueva and Pedrogao reservoirs (constructed in year 2002), only sites sampled after this year were included while in the former three they occupied a wider range along the headwaters-mouth environmental gradient. These results are backed up by the findings of Filipe et al. (2004) for the Portuguese portion of the Guadiana River basin. They used an alternative method, based on predicted presences of native fish species, weighted by their threat status. They found that the lower portions of the Ardila River and two other smaller rivers close by (Enxoe and Degebe Rivers) were the areas with the highest conservation value. While the approach by Filipe et al. (2004) does not consider both condition and biodiversity assessment, the concordance reinforces our result. Both methods are mainly focused on the identification of priority areas, as a first approach to the conservation of the freshwater fish fauna in this basin. However, they do not address the spatial design of a reserve system akin to a systematic conservation planning approach. Systematic conservation planning aims to select a set of areas that ensure the adequate representation of all the biodiversity and its long-term persistence (Margules & Pressey, 2000) , through the application of principles such as complementarity (the gain in representativeness of biodiversity when a site is added to an existing set of areas sensu Possingham et al., 2000) .
River regulation was a key driver behind the decrease of both condition and conservation value in many of the sub-basins we studied. Sub-basins that have been regulated for a longer time show higher biodiversity loss and lower conservation value (Fig. 4. ). Alqueva and Pedrogao were the last big reservoirs built in the Guadiana River basin, affecting the last major sub-basin that had not been regulated (Ardila River) and where many biodiversity priority areas are concentred. They have recently destroyed suitable habitat for most of native fish species by affecting their inter-sub-basin movements and increasing the populations of exotic species (Clavero et al., 2004; Filipe et al., 2004) . Thus, the establishment of unconnected reserves, as would be the case in the Guadiana River due to the presence of multiple reservoirs in the basin, could not be enough to protect its freshwater fish biodiversity (Angermeier, 2000; Lindermayer et al., 2000; Meffe, 2002) and must be deeply studied through a more systematic approach.
The present reserve system is a patchwork of partial contributions by regional authorities instead of a holistic planned project. This highlights the need to review the current Natura 2000 network applying complementarity criteria to check its competence to sustain all the Guadiana's freshwater fish biodiversity in a whole basin context. However, the identification of biodiversity priority areas and the design of an efficient reserve system should not imply the lack of active management regimes in off-priority areas (Lindermayer et al., 2000; Cowling et al., 2003) , given the connected nature of riverine systems. We highly recommend a mixed protection scheme where the conservation efforts are opened to off-reserve management (Margules & Pressey, 2000; Linke et al., 2007) , especially in the control of exotic fish species populations that may affect the contiguous reserved areas.
